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SUMMARY AND CONCLUSIONS 
1. Ninety-five samples of soybeans representing 12 var-
ieties were tested in the laboratory and field in the years 
1934-37, inclusive. Germination in the laboratory was 
higher and more uniform in autoclaved sand or soil at 30-
32°C. than on moist blotters in a high humidity chamber 
at 20-30°C. 
Field germination of soybeans was exceedingly variable 
in some tests largely because of variations in temperature, 
time of planting and soil moisture. Field germination usu-
ally was lower than in the laboratory, although in 1935 first 
planting and in 1936 second planting, the mean of the field 
germination of 25 samples was equal to the mean of the lab-
oratory germination in soil. A close relationship between 
laboratory and field germination was observed in seven out 
of nine field plantings; samples which germinated high in 
the laboratory maintained their relative positions in the 
field. In 1935 six samples gave a significantly higher ger-
mination in the field than in autoclaved soil in the labora-
tory which indicates that occasionally laboratory soil may 
not determine maximum viability. 
2. Sorghum seeds representing 50 lots were tested in 
the laboratory and field. Germination in autoclaved soil 
at 20-30°C. in 5 days was slightly higher than that between 
blotters in 6 days at the same temperature, but at the end 
of 10 days only a slight increase in germination in soil was 
obtained. 
3. Laboratory and field experiments in the years 1935-
37, inclusive, with 119 different lots of small seeded legumes 
containing high, intermediate and low percentages of im-
permeable seeds gave results which are briefly summarized 
as follows: 
a. Germination in the laboratory of most samples of al-
falfa, red clover and sweet clover with few or no im-
permeable seeds was found to be reasonably indicative 
of field germination, in that a sample with a given rank 
in the laboratory, based on number of normal seedlings 
produced, maintained its relative position in the field. 
Percentage germination of alfalfa and red clover was 
more than half that in the laboratory and of sweet 
clover approximately half. Most samples which rank-
ed differently in the field than in the laboratory con-
tained enough impermeable seeds to account for an 
otherwise unexplainable increase in field germination. 
b. Impermeable seeds of alfalfa, red clover and sweet 
clover germinated in sufficient quantity to contribute 
to field stand. The highest known percentages of field 
germination of impermeable seeds were 55.4, 11.2 and 
16.4, respectively, in soil slightly acid in reaction. The 
largest increases in field stand resulting from imper-
meable seeds in laboratory samples were 124, 27 and 
112 percent for alfalfa, red clover and sweet clover, 
respectively (pages 294-295). Samples with high per-
centages of impermeable seeds when sown at the same 
rate as and in comparison with samples containing few 
or no impermeable seeds, based entirely on the num-
ber of normal seedlings produced in laboratory tests, 
gave a significantly higher stand. 
c. Samples of alfalfa, red clover and sweet clover with 
low hard seed content when sown at a rate adjusted 
according to an index value based on purity x per-
centage germinable* seed produced uniform stands. 
Reduction of seeding rates to one-half and one-fourth 
the adjusted rate resulted in a corresponding reduction 
in stand. One-half the adjusted rate of sowing was 
sufficient to produce 10 or more plants per square 
foot. Laboratory tests of clovers and alfalfa may be 
used as indicators for rates of seeding provided an al-
lowance is made for impermeable seeds. 
d. Commercial samples of alfalfa, red clover, alsike and 
Korean clover, each with low hard seed content, ger-
minated significantly higher in acid than in basic soil 
in the fall of 1936 and spring of 1937. Sweet clover 
seed germinated slightly less in acid than in basic soil. 
Inasmuch as the difference in pH of the soils used 
was not great and each soil represented a different 
type it may be that differences in fertility or in physi-
cal condition were equally as responsible for germina-
tion differences as were differences in chemical re-
action. 
• Those which produced normal seedlings in laboratory tests. 
Laboratory Tests of Field Crop Seeds as 
Indicators of Seeding Valuel 
By E. L. ERICKSON AND R. H. PORTER' 
Laboratory analysis and tests of seed samples were orig-
inally undertaken by governmental agencies in the United 
States and other countries to inform farmers concerning 
the weed seed content and plant producing capacity of seed 
lots. The determination of seed purity and the detection 
of seeds of noxious weeds have not proved difficult pro-
vided that representative samples of seed are submitted. 
Illustrations of weed seeds in bulletins and books, together 
with the use of herbarium specimens, have made it possible' 
to identify with some degree of certainty foreign seeds 
found in crop seeds. Efforts to measure the plant produc-
ing capacity of seed lots have been less successful than to 
identify weed and crop seeds, because of (a) a lack of 
knowledge as to the factors affecting the viability and ger-
mination of many kinds of seeds, (b) difficulty of interpret-
ing what constitutes normal germination and (c) inability 
to interpret the value of impermeable legume seeds in ob-
taining and maintaining field stands. 
The final criterion in determining the value of a seed 
lot is its relative ability, in comparison with other seed lots, 
to produce a satisfactory crop. Unfortunately, however, 
soil and climatic conditions, methods of planting, seedbed 
preparation and tillage all vary so much from year to year 
that field response in anyone year mayor may not be in-
dicative of seeding value. The best that can be done is 
to compare laboratory and field response of a given kind 
of seed for several years and from such investigations de-
termine the relationship of seed quality, as measured by a 
laboratory test, to crop production. 
Although the relationship of laboratory and field germina-
tion of crop seeds is an important one, it is only within re-
cent years that any intensive study has been made of the 
problem. Brown (2) states that the problem of the seed 
analyst is to determine the quality of a sample, also that 
the soil and weather conditions may be as important factors 
in determining field performance as the seed itself. Munn 
(18), using a large number of samples from 10 standard 
'Project 86 of the Iowa Agricultural Experiment Station. 
"The authors are indebted to Prof. H. D. Hughes for helpful suggestions made 
during the progress of the investigation. and to Prof. George W. Snedecor for sug-
gestions concerning the statistical aspects of the investigations. 
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pea varieties, compared laboratory and field germination 
and obtained germinations of 79 and 45 percent in the lab-
oratory and field, respectively . 
. Whitcomb (28) in a study involving several crops con-
cluded that there was a close relationship between labora-
tory and field germination, and that in wheat the size of the 
seed influenced field germination. He found that the larger 
the seed the nearer the germination in the field approached 
that in the laboratory. Lute (15) obtained varied results 
with laboratory and field comparisons. One sample of al-
falfa containing 91 percent hard seeds and 8 percent strong 
seedlings gave 18 percent germination in the field. Hay 
(8) used two methods of germinating peas. By one method 
he obtained 2.6 percent higher and by the other 2.2 percent 
lower germination in the field than in the laboratory. He 
used, however, only 2x50 seeds in his field plantings. 
Milton (17) in an exhaustive laboratory and field com-
parison of crucifers, one grass and two clover samples, ob-
tained 86.8 percent average germination in the laboratory 
for all samples and 50 percent in the field. Stahl (23, 24) 
compared laboratory and field germination for red clover and 
several cruciferous crops. He found considerable difference 
between the laboratory and field germination, however; if 
a sample tested high in the laboratory it responded similar-
ly in the field. In addition he concluded that the spread 
between the laboratory and field tests was greatest for low 
quality samples. Stahl's studies with cabbage seed indi-
cate a close relationship between laboratory and field re-
sponse, but the field germination was in all cases lower than 
that in the laboratory. 
Porter (20) in 1933, in a study involving five varieties 
of barley, obtained an average germination of 63 percent 
in laboratory soil and 58.8 in the field with untreated seeds. 
In 20 farmers' samples of barley the laboratory germina-
tion in soil was 79.4 percent and in the field 70.6 percent. 
The same author (21) in 1933 and 1934 in comparing lab-
oratory and field germination of 40 samples of corn ob-
tained approximately 25 percent higher germination in the 
laboratory than in the field. 
Swanson and Hunter (26) in work with sorghum varie-
ties used high quality samples, and with one group (aver~ 
age of three plantings,) obtained 93 percent germination in 
the laboratory and 51 percent in the field. A second group 
of samples gave 88 percent germination in the laboratory 
and 43 percent in the field. 
Few references are available concerning seed quality and 
rate of seeding with respect to yield. Megee (16) con-
tends that 8 pounds of high quality alfalfa seed per acre 
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are sufficient to produce a maximum yield. In fact, he ob-
tained as high yields with 4.7 pounds of alfalfa seed per 
acre as with 24 pounds per acre over a 4-year period. 
The Ohio Agricultural Experiment Station (19) reports 
that red clover sown at the rate of 5 pounds per acre gave 
fully as good yields as when 10 pounds were sown, dur-
ing an ll-year period. 
Hard seeds in legumes have long caused considerable 
concern to seed analysts and seedsmen. Harrington (7) in 
1916 reported thus: 
"The viability of fresh impermeable seeds is frequently 
greater than the viability of fresh seeds of the same species 
which are permeable. . 
"The percent of hard seeds which produces plants in the 
field is extremely variable. 
"A large proportion of impermeable alfalfa ... seeds 
will germinate in the soil during the first few months after 
planting, some of them early enough to be of importance 
to the crop." 
Stevens (25) reported that alfalfa having a high hard 
seed content produced one-fourth to one-half more plants in 
the field than was indicated by the blotter test. He stated 
further that, "Alfalfa without hard seeds, and sweet clover 
both with and without hard seeds, produced about one-half 
as many plants as indicated by blotter test." 
Whitcomb (27,28) in studies of hard seeds of red clover, 
alfalfa and sweet clover concluded, "The variability of all 
the material was high." He found that the actual plant-
producing value of hard seeds in alfalfa was high, in sweet 
clover low and in red clover intermediate. In later studies 
of hard legume seeds he (30) found that hard seeds of al-
falfa germinated 99 percent, sweet clover 26 percent and 
red clover 39 percent in the field during one growing season. 
He states further that "hard seeds of alfalfa germinate 
more readily in the field than in the laboratory during the 
first season .... " 
Lute (15) reported in 1928 that hard alfalfa seeds were 
not as effective plant producers as seeds which are perme-
able. Leggatt (12) concluded that impermeable alfalfa 
seeds were equal in value to permeable ones. Working with 
sweet clover he (13, 14) found that samples containing a 
high hard seed content gave only half the stand obtained 
from samples of low hard seed content. He designated 50 
percent of the hard seeds in sweet clover as being germin-
able. 
Stevens (25) reported that most of the hard seeds in 
alfalfa became permeable the first year, but some remained 
.impermeable after 20 years. Witte (32) after an extensive 
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international investigation reported the following percent-
ages of hard seeds as being of value in producing plants in 
the field: Red clover, 34 percent; alsike, 20 percent; white 
clover, 25 percent; lucern, 72 percent. 
Little information is available with regard to field ger-
mination in basic and acid soil. Grandfield et al (6) plant-
ed alfalfa in the greenhouse in sterilized soil adjusted to 
pH values of 3 to 9, inclusive. Germination was reduced 
at a pH of 3, but at pH values from 4 to 9 there were no 
significant differences in germination. 
The investigations undertaken and described herein were 
initiated in 1934 and continued through the summer of 1937. 
Seeds of soybeans, sorghum, alfalfa and clovers were used 
in the tests. The objectives of the investigations may be 
listed under four headings as follows: 
1. To investigate the value of laboratory tests for via-
bility of certain field crop seeds as an index of field ger-
mination. 
2. To determine the extent to which seeding rates of red 
clover, alfalfa and sweet clover can be adjusted on the basis 
of laboratory viability tests. 
3. To investigate the actual field value of hard seeds 
of red clover, sweet clover and alfalfa. 
4. To study the relative field stands of clovers and al-
falfa planted in basic and acid soils. 
MATERIALS AND METHODS 
The samples of seeds used in this study included soy-
beans, sorghU:m, red clover, alfalfa and sweet clover and 
were collected from the crop of the preceding year, except 
in a few cases that are noted in the tables and discussion 
dealing with specific experiments. Many of the samples 
used had been sent to the Iowa State College Seed Labora-
tory for analysis, in which case it was not always possible to 
determine either the age or the origin. The samples were 
usually tested in the laboratory, first by the official method 
(1) (except for soybeans) and second, in soil and sand. 
The soil and sand tests were made in copper boxes 6x12x11f2 
inches. 
The laboratory tests were read on the basis of four classi-
fications: normal seedlings, abnormal seedlings, dead seed 
and hard seed. 
Normal seedlings of soybeans, clovers and alfalfa, in 
blotter or towel germination tests, were those that had a 
bright radicle with cotyledons attached and appeared cap-
able of continued growth under favorable conditions. In 
sand or soil normal seedlings were those which emerged . 
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with cotyledons attached and had a bright clear radicle. 
Normal seedlings of sorghum, whether in blotters, sand or 
soil, were those which had both a well developed plumule 
and r.adicle. All other seedlings were classified as abnormal. 
Seeds which were soft but had made no growth were classi-
fied as dead. Hard seeds were those which remained im-
permeable throughout the duration of the test. 
The laboratory tests were made not more than 4 weeks 
prior to or following the field planting. Usually they were 
made during the same week. Two x one hundred seeds were 
used for sorghum and all small seeds in 1934, 1935 and 1936. 
In 1937, 4x100 seeds were used. In the soybean laboratory 
tests, 2x50 seeds were used up to 1936; in 1937, 4x50 were 
tested. The laboratory germinations of 2x100 and 4x100 
seeds of any given sample all fell within the range of toler-
ance set forth by Leggatt (11), except sorghum sample No. 
10, in 1935 where the difference between the duplicates was 
19. The allowable difference is 15.4 according to Leggatt's 
table of tolerance based on a probability of .025. The soy-
bean germinations usually checked closely, the greatest 
variation in anyone test being 7. Whenever wide differ-
ences occurred retests were made. 
In the field plantings the soybeans and sorghum were 
planted in rows 10 feet long and 1 foot apart. Soybeans 
were planted approximately 1% inches deep, sorghum about 
% inch deep and the other crops % inch deep in rows 4 
feet long and 1 foot apart. The planting plan as described 
by Porter (20) was followed in the field work. The rows 
were replicated five times and planted according to a re-
stricted random arrangement. In the case of the clovers 
and alfalfa where the seed was planted in squares, 4 feet 
by 4 feet, the tests were replicated three times and planted 
according to a restricted random arrangement. The seeds 
were broadcast by hand and covered by raking lightly. Flax 
was used as the nurse crop each year except in 1937 when 
Spartan barley was used. 
The stand counts were carefully made when the field 
germination was judged to be nearly complete, generally 
20 to 30 days after planting. The soybeans and small-
seeded legumes were occasionally ' damaged by rodents, in 
which case the tops of the seedlings had been cut off. When 
the stubs remained and the evidence indicated rodent dam-
age, the stubs were included in the stand counts. It was 
impossible to always visit the plots soon after rodents had 
eaten the seedlings and in time to observe the stubs, hence 
recognition must be given to rodent injury as a cause of 
variation beyond the normal among replicates. 
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The number of seedlings counted in each replicate of a 
lot was tabulated and chi-square computed for each set or 
sample. Snedecor (22) has given a discussion of chi-square. 
The chi-square value was used as a measure of variability 
for field germination, the assumption being that a probabil-
ity below 5 percent (based on the chi-square value) indi-
cated high variability in the number of seedlings in the 
replicates of a lot beyond what might be expected in uniform 
sub-samples of seed. Inasmuch as the laboratory tests in-
dicated that the lots were well mixed and the sub-samples 
uniform, it was concluded that variations beyond the nor-
mal range of variability were caused by such factors as un-
even distribution of moisture in the plots, lack of a uniform 
seedbed, rodent injury and seedling blights caused by un-
even distribution of soil fungi. 
The germination data obtained by laboratory and field 
studies of the several crops are tabulated and discussed in 
the pages which follQw. In a few cases graphs illustrat-
ing the relationship of laboratory and field response are 
included. In all cases the lines of the graphs were set by 
regression. 
GERMINATION OF SOYBEANS 
Twenty lots of soybeans in 1934 and 25 each in the years 
1935 to 1937, inclusive, were tested in the laboratory and 
field. Laboratory germinations in 1934 and 1935 were made 
by two methods: First, on top of moist blotters at high hu-
midity for 10 days at alternating temperatures of 20-30°C. 
to observe the development of molds from individual seeds, 
and second, in autoclaved soil mixed in equal proportions 
with sand. Soil pans were placed in a germinator main-
tained at a temperature of 30-32°C., and final readings were 
made at the end of 6 days. Edwards (4) found that max-
imum germination occurred in the least time for at least 
one variety of soybeans at temperatures of 31-33.5°C. Wil-
son (31) concluded that 25°C. was the proper temperature 
for soybean germination, even though he obtained the quick-
est germination at 30°C. The temperature of 31-32°C. was 
adopted for all soybean germinations in and following 1935. 
Blotter tests were found to be more erratic and less depend-
able than soil tests; hence the former were abandoned after 
1935. In 1937 sand was substituted for soil. 
Two field plantings of each lot selected for study were 
made each season except in 1936 when three plantings were 
made. Each lot was planted in replicates of five sub-sam-
ples, each of 100 seeds per row, according to a planting plan 
based on a restricted random arrangement. 
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Fig. 1. Relation of laboratory to field germination of soybean seed. 1934 and 1935. 
The data obtained from all the tests are given in tables 
1 and 2, and the relationship of laboratory to field germina-
tion is illustrated .in figs. 1 and 2. 
INTERPRETATION AND DISCUSSION OF DATA 
In table 1 are presented the detailed data obtained with 
25 samples of soybeans in 1935, from which the response 
of each lot in the laboratory and field may be readily deter-
mined. The samples are arranged in order of their viabil-
ity from lowest to highest as measured by the test in lab-
oratory soil. Germination on blotters averaged significantly 
less than in laboratory soil, although the blotter germina-
tion of nine samples was higher than soil germination. Ac-
tually the difference in favor of the blotter test of nine sam-
ples was significant for only two samples. 
Germination in the field for both plots followed some-
what the same trend as it did in the laboratory, more so for 
the first planting than for the second. Samples 3, 9, 11, 
16, 18, 20 and 21 did not maintain their relative positions 
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Fig, 2. Relation of laboratory to field germination of soybean seed, 1936 and 1937, 
in the field as is indicated by the laboratory test in soil. 
In fact the germination of samples 1, 3, 9 and 11 was sig-
nificantly higher in the field than in the laboratory, a con-
dition which suggests that tpe laboratory soil test did not 
adequately measure the viability of those four samples. 
Whenever field germination is significantly higher than lab-
oratory soil germination, the possibility of inaccuracy in the 
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TABLE 1. DETAILED DATA FROM LABORATORY AND FIELD GERMINATION 
OF SOYBEANS 1935 
Laboratory Field·· 
Blotters Soil 6 days 32°C. First planting Second planting 10 days 0 200-300C. 
'" '" Percentage Percentage 0 <II 0 <II "'. "'. t>J 
:::1 
t>J 
:::1 
1 1 1 
!3 !3 
bD bD 
= il :c = :c 
= 
". 
"" 
= 
". " .. =<11 .... 0 
" 
.. 0 
" 
.. " 
.00 
.. " .00 
.; .. <II .. .. <II <II" 0 <II" 0 
Z 
.., ~ ~ .., ~ ~~ ~+ ~~ ~+ rIl rIl 
I I 
1 58 20 0 61 0 73.5 I + 59.8 + 2 74 22 0 69 0 79.6 + 70 .0 + 3 79 19 0 70 3 91.4 
I 
+ 80.0 -4 74 22 2 75 2 77.0 + 73.6 -5 71 24 0 76 0 78.0 + 56.6 -6 61 36 0 77 6 73.0 + 59.8 + 7 67 28 0 78 0 81.4 + 49.4 -8 80 19 0 78 12 84.0 + 82.8 + 9 91 8 0 80 1 93.6 + 77.2 -10 85 15 0 80 4 84.6 + 87.0 + 11 92 8 0 82 1 92.4 
-
83.8 + 12 63 34 0 84 3 75.2 
-
81.6 + 13 87 10 0 84 3 85.6 
-
87.4 
-
14 81 25 · 1 85 0 80.2 + 83.4 + 15 34 29 1 86 1 81.4 
-
53.6 + 16 92 8 0 87 1 95.2 + 85.6 + 17 33 22 0 88 2 88.6 + 61.0 + 18 73 26 0 88 4 75.2 + 74.2 + 19 88 0 82.4 + 56.8 -20 41 
28
1 
0 I 90 1 74.0 + 57.0 -21 77 13 1 91 5 81.6 + 73.6 + 22 83 12 0 
I 
93 2 92.2 
-
85.2 
-
23 98 1 0 93 2 92.0 I - 86.8 + 24··· 87 11 0 94 3 92.2 I - 82.2 + 25 87 10 ! 0 I 96 1 91.6 + 82.8 -Mean 73.6 82.9 83.8 73.2 I I 
• On top of blotters . 
•• Mean as determined from five replications planted according to restricted ran-
domization. First planting was made May 15 and counted June 4. Second 
planting was made June 4 and counted July 11. 
••• Samples 24 and 25 represent the same lot of seed. 
laboratory is suggested, or stated in another way, labora-
tory germination in soil may not always represent the max-
imum viability of a sample. The mean percentage germina-
tion in the field was equal to that in the laboratory soil for 
the first planting but significantly lower for the second 
planting. 
The chi-square and probability values were determined 
for 'each lot in both field plantings using the number of 
normal seedlings obtained in each set of five replicates. The 
columns in table 1 labeled "Probability + or - .05" indicate 
the degree of variability among the replicates of each sam-
ple. A probability above .05 was arbitrarily chosen as indic-
ative of a reasonable degree of uniformity, whereas a prob-
ability below .05 was taken as an indication of greater va-
riability among replicates than should be expected in homo-
geneous field conditions. Inasmuch as the laboratory tests 
indicated uniformity in the several samples, high variabil-
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TABLE 2. SUMMARY OF LABORATORY AND FIELD GERMINATION OF SOY-
BEANS. 1934-37. 
Percentage strong Mean percentage 
.... Laboratory Field planting 0 
"'" '" 
I I 
"" " 
'tl 
I 
.0- :§ 
" 
'tl 
" ~~ tl 
'" 
0 
" 
" 
0 
'0 ~ " :a Zg! iii '" >< Ul Ul i Eo< 
1934 20 79.3 82.8 I 50.3 50.6 I 1935 25 73.6 82.9 
I 
83.8 73.2 
I 
1936 25 74.8 65.0 73.4 69.2 
1937 25 85.S" 69 .1 33.7 
• Sand 
ity in the field tests was undoubtedly caused by such fac-
tors as variations in soil moisture or texture, injury from 
rodents or insects and uneven distribution of fungi which 
cause seed or seedling decay. The number of samples with 
a probability below .05 was 7 and 10 respectively, for the 
first and second field plantings. As an illustration of the 
value of careful analysis of field germination data, atten-
tion should be drawn to samples 9', 17, 19 and 20 second 
planting. The probability values for samples 9, 19 and 20 
were far below .01, and germination of each was much 
lower than in the first field planting. Undoubtedly the large 
differences in number of seedlings in each replicate were 
due to field conditions. The field test at second planting, 
therefore, falls far short of measuring the viability of those 
samples. Sample No. 17, however, gave a germination in 
the second planting significantly lower than in the first, yet 
the probability was slightly above .05. Either field condi-
tions for germination in the second field test were uniformly 
unfavorable for all of the replicates of sample 17, or the seed 
was unable to withstand the conditions at the time of the 
second planting. Samples 1, 6, 15 and 24 responded simi-
larly to sample 17. Evidently field conditions for germina-
tion were much less uniform and less favorable at the second 
than at the first planting. 
The summarized data for all the laboratory and field tests 
with soybeans are given in table 2 in which the differences 
between means of laboratory and field germination may be 
readily noted. The data for 1934, 1936 and 1937 were an-
alyzed in the same manner as described for the 1935 data. 
Differences in field germination among replicates of each 
lot were much greater)n 1934 and 1937 than in 1935 and 
1936 as evidenced by the small number of samples with a 
probability above .05. The data given below illustrate the 
high degree of variability of samples planted in 1934 and 
1937 as contrasted with 1936. 
Year 
1934 
1936 
1937 
I Number samples tested 
20 
25 
25 
289, 
Field plantings 
No. w ith P value of 5 percent or mo"re 
1st 2nd 3rd 
3 
16 
9 
3 
20 
4 
17 
The data obtained in 1936 are similar to those in 1935 
in that the replicates of each sample responded in a fairly 
uniform manner, especially for the second planting, when 
field germination was equal to that in the laboratory. Fur-
thermore, in all three of the field plantings the relation of 
field to laboratory germination was such that the relative 
position of any sample in the laboratory was maintained in 
the field (see fig. 2). 
Both the first and third field plantings in 1936 gave means 
significantly lower than in the laboratory, yet the relation 
between laboratory and field germination for practically 
all samples was the same as for the second planting. 
The data for both 1934 and 1937 show field germinations 
far below those obtained in the laboratory. These results 
corresponded well with the high degree of 'variability of the 
replicates of anyone sample and with field conditions which 
were much less favorable for germination than in 1935 and 
1936. The laboratory tests indicated as high a quality of 
seed for both 1934 and 1937 as for the other two seasons 
and show that laboratory tests properly conducted give a 
more reliable index of viability than do field tests. 
In figs. 1 and 2, note that with the exception of the second 
field planting in 1934 and the second field planting in 1935 
(fig. 2) the samples which gave a low germination in the 
laboratory maintained their relative positions in the field. 
The agreement as to relative ranking of the samples be-
tween laboratory and field germination was pronounced in 
the first field planting for 1935 (fig. 1) and for all plant-
ings in 1936 and 1937 (fig. 2) even though in 1937 field 
germination was far below that in the laboratory, especially 
for the second planting. '. '. 
GERMINATION OF SORGHUM 
Laboratory and field tests with sorghum were conducted 
in 1935 and 1936 with 25 different lots each year. Labora-
tory tests were made in autoclaved soil in 1935 and 1937, 
also between blotters in 1937. The data obtained in both 
the laboratory and field are given in tables 3 and 4, the ar-
rangementof samples from lowest to highest being based 
on the laboratory germination. , ' 
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TABLE 3. LABORATOny AND FIELD GERMINATION oF' SORGHuM. 1935. 
Laboratory soil I Mean Field No. percentage percentage· Probability + or - .05 
1 6 
· 1 
3.6 + 2 20 9.6 + 3 22 I 18.8 + 4 26 21.0 + 5 34 I 13.8 + 6 37 
I 
28.2 
7 39 28.2 + 8 47 33.0 + 9 49 35.2 
10 59 35.0 
11 69 I 50.0 + 12 69 
1 
39.2 
13 70 38.0 + 14 70 38.0 
15 72 
I 
44.2 + 16 74 47 .0 + 17 76 45.6 
18 77 52.4 
19 77 I 61.8 + 20 82 56.2 21 84 I 51.8 + 22 86 54.2 23 91 I 62.2 + 24 93 73.6 25 98 80.4 
Mean 61 I 40 .8 
I 
• Mean of five replications. 
A comparison of the mean laboratory soil germination 
with that in the field indicates a spread of approximately 
20 percent in 1935 and 13 percent in 1936, the lower mean 
germination being obtained in the field trials. In general 
the laboratory tests were good indicators of field response 
for anyone sample, a fact which is further evident in fig. 3. 
The relative rank of anyone sample as measured by the 
laboratory test was maintined in the field. 
Field germination was more variable in 1935 than in the 
first of the two plantings of 1936. Out of 25 samples plant-
ed in 1935, 11 of them gave such differences among the 
five replicates that the probability values were below .05. 
No .significant difference was observed in the mean per· 
cEmtages for the two field plantings in 1936, although great-
er variability occurred in the second than in the first plant-
ing. 
One significant observation from table 4 is that samples 
4, 6 and 17 produced many more seedlings in laboratory 
soil than between blotters, whereas samples 8 and 20 gave 
considerably less. Soil may give a more reliable index of 
seed viability than blotters, although more data are need-
ed. Recent tests with sand indicate that it is superior to 
soil. 
A final conclusion is that although laboratory tests may 
determine the relative rank of sorghum samples that may 
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Fig. 3. Relation of laboratory to field germination of sorghum seed, 1935 and 1936. 
be expected in the field, actual or maximum viability can 
be determined more adequately in the laboratory. 
GERMINATION OF RED CLOVER, ALFALFA AND 
SWEET CLOVER 
Laboratory tests were made with seeds of red clover, 
alfalfa and sweet clover between blotters using 4xlOO seeds 
of each sample, from which the number of normal (strong) 
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TABLE 4. LABORATORY AND FIELD GERMINATION OF SORGHUM, 1936. 
0 
z 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
; 13 
14 
15 
16 
17 
18 
19 
20 
21 
. 22 
23 
24 
25 
Mean 
1 
Laboratory 
Percent strong 
Blotter 
>0 
<d 
"" 
:5 
'" 
15 
17 
18 
20 
21 
37 
41 
45 
50 
53 
55 
60 
64 
68 
70 
71 
74 
74 
75 
76 
77 
82 
84 
87 
91 
57 
I 
I 
Soil 
>0 
>0 <d 
<d 
"" 
"" :5 :5 
'" 
;: 
15 17 
24 24 
29 30 
54 61 
43 44 
33 34 
51 52 
41 52 
49 49 
67 68 
63 63 
65 68 
72 73 
67 67 
83 84 
79 gO 
63 64 
80 81 
81 81 
82 82 
78 79 
84 85 
60 .8 
: 
I 
I 
1 
I 
I 
1 
First 
. 
. 
" 
'" ~
= 
=" <d" ,,~ 
::Oi!:. 
7.2 
4.0 
4.6 
27 .6 
10.6 
36.4 
26.0 
28.6 
40.2 
27.8 
43.0 
52.2 
56 .2 
72.4 
65.6 
61.4 
68 .0 
63.8 
77.4 
61.0 
67 .8 
78.0 
63.6 
68.6 
85.2 
47 .8 
• First planting made June 3, counted June 30. 
Second planting made June 12. counted July 2 • 
•• Mean of five replications. 
Field· 
planting I Second 
'" 
. 0 . 
>0' 
" 
=1 too ~ :0 
= oj ~ 
= " ,t:lO 0 <d" 
~+ ,,~ ::oi!:. 
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+ 
+ 
+ 
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+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-
I 
I 10.6 
3.0 
8.0 
29.4 
16.8 
36.0 
39.0 
32.6 
38.6 
38.8 
40 .8 
48.8 
48.6 
72 .8 
60.4 
57 .8 
67 .8 
61.2 
75.0 
53.8 
72 .4 
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81.8 
48.0 
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seedlings and hard seeds was determined. For some sam-
ples with a high hard seed content, large quantities of seed 
were placed on moist blotters, and at the end of 8 or 10 days 
the seeds which remained hard were separated and used 
in special planting tests. 
Field plantings included four types of tests: (a) Plant-
ings in rows using 100 seeds per row with selected labora-
tory samples having few to many impermeable seeds, (b) 
plantings with samples containing only impermeable seeds, 
(c) variation in rates of seeding and (d) plantings of the 
same lots on basic and acid soil. 
SELECTED LABORATORY SAMPLES 
The first plantings were made in 1934, but the drouth 
was so severe that no germination occurred. In the spring 
<.>f 1935, 10 samples each of red clover, alfalfa and sweet 
clover were included in the tests. Pure seed was selected, 
and sub-samples were prepared in sets of five, each with 
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100 seeds, for field planting. Four sub:..sa:rnples of each were 
also tested in the laboratory. The data from the laboratory 
and field tests are given in table 5, the arrangement from 
lowest to highest under each crop being based on the num-
ber of normal seedlings as shown by the laboratory test. 
Chi-square and probability values were obtained from the 
field data for each sample as described for soybeans. r In 
addition the mean percentage germination in the field was 
computed in terms of the percentage of normal seedlings 
as obtained in the laboratory test. The results of this lat-
ter comparison are given in the last column of table 5. · 
The field germination of red clover seed shows a fairly 
TABLE 5. LABORATORY AND FlELD GEnMINATION OF RED CLOVER. 
ALFALFA AND SWEET CLOVER, 1935. 
Laboratory Field" 
Percent "' ~germination 
., ~ l ~ .S ~ No. 
.1 
"" 
-
d ,., .s :o~ 1:"@~ = E .. - =" lio "'E~ 1·,-' ., .0 
"" 
." " ~~..8 0 
' ,SS "'~ 0 I ::;;~ ~+ ,"0 " Z p...=-
Red clover 
1 59 7 ! 25.8 44. 0 2 69 '. 27 39 .2 + 56.5 
3 i ". 70 25 I 41.2 58.5 ,. 4 72 2 32.0 44. 4 
5 73 4 I 26.6 35 .9 
6 82 2 
I 
46 .4 5';.0 
7 
' 1 
88 5 50.8 57.9 
8 89 10 5 1.6 + 57.3 
9 92 4 56 .6 61. 9 
10 95 4 I 59.0 + 62 .1 M ean -18. 9 ' 42. 9 53.5 
.. ," !1 ~ j Alfa lfa 
11 47 44 34.6 + 74.4 12 54 33 35.6 + 66.6 
1& 54 17 22. 2 40 .7 
, 14 '63 3 27.2 42 .8 
. 15 76 12 42 .0 . + 55.2 16 ' 79 13 53.8 + 68. 3 17 81 6 40.8 + 50.6 18 81 8 45.8 56. 7 
19 , .. ,. 85 5 50 .0 58 .8 ' 
20 90 3 49 .2 54.4 
Mean 7 1.0 40 .2 56.8 
Sweet clove r 
21 12 40 8.4 66 .6 
22 5 1 32 27 .2 50 .0 
23 57 8 22.8 + 40. 3 24 62 1 19.8 + 32.2 25 64 19 37 .8 + 50.,9 26 68 1 ~ 34.0 50 .0 
27 72 2 3 1.2 + 43. 0 28 77 3 40.0 51.9 
29 80 3 25.8 + 32.5 30 83 1 47.8 57.8 
Mean 62.9 
, I 31.5 47./> 
.1 
• Mean of five replications. 
294 
close relation to the laboratory test in that the samples with 
the lowest and highest number of normal seedlings in the 
laboratory gave the lowest and highest germination in the 
field, respectively . . There are some exceptions worthy of 
note, na~ely samples 2, 3, 4 and 5.. A<;cordin,g to the lab-
oratory test no significant differences in normal seedlings 
was obtained among the four samples, yet in the field test, 
samples 2 and 3 gave a significantly higher germina~ion 
than samples 4 and 5. Since. samples 2 and 3 contained 
many hard seeds and samples 4 and 5 relatively few, the 
logical conclusion is that enough of the hard seeds in sam-
ples 2 and 3 produced plants to account for the increase in 
field stand. The figures in the last column for the four 
samples in question give a clearer picture of the differences. 
The mean field germination of all samples was equal to 
53.5 percent of the mean of normal seedlings in the lab-
oratory. 
The relationship of field to laboratory germination of al-
falfa seed was similar to that for red clover, except that 
the difference between the high and low germinating sam-
ples was not as great in the field as in the laboratory. It 
is significant, however, that samples 11 and 12, each with 
a high hard seed content and low percentage of normal 
seedlings, gave a significantly higher stand than samples 
13 and 14. Furthermore the percentage of normal in the 
laboratory (last column table 5) for samples 11, 12 and 16 
is higher than for any others, and all three of the samples 
are in the group with the most hard seeds. Sample 20 
in the field test gave 54.4 percent of normal in the labora-
tory as compared with 74.4 percent for sample 11. The 
hard seeds in some of the alfalfa lots undoubtedly contrib-
uteq to the field stand. . , 
The data for the 10 sweet clover samples are similar to 
those for red clover and alfalfa. Sample 21 with the lowest 
percentage of normal seedlings in the laboratory test and 
the highest percentage of hard seeds gave the lowest field 
germination which, however, was the highest percentage 
of normal in the laboratory of all the 10 samples. A com-
parison between samples 24 and 25 shows that although 
both gave about the same number of normal seedlings in 
the laboratory test, sample 25 with 19 percent hard seeds 
gave twice as many plants in the field test. The evidence 
strongly indicates that hard seeds in sweet clover contrib-
uted to the stand of some of the lots. 
Figure 4 shows the relationship between laboratory and 
field germination of alfalfa, red clover and sweet clover. 
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FIELD GERMINATION OF IMPERMEABLE SEEDS OF RED 
CLOVER, ALF ALF A AND SWEET CLOVER.. 
SAMPLES CONTAINING HIGH AND LOW PERCENTAGES OF 
IMPERMEABLE SEED 
Samples of seed of the above crops were selected' in 1936 
and 1937 on the basis of number of hard seeds. One sam-
ple of high and one of low hard seed content were selected 
for each crop. The seed was sown in 4 x 4 foot plots of 
three replications using rate A'. (See footnotes table 8.) 
The samples with high hard seed content were sown in two 
sets of plots; on one the plants were puUed as counted and 
on the other they were allowed to continue growth. In the 
plots planted with seed of low hard seed content, stand 
counts were taken and no plants were pulled. Later counts 
were made on the "pulled" plots, and the largest number 
observed was one plant per square foot 1 month following 
the first count. All additional plants were added to the 
first count. 
The summarized data from the plots are shown in table 
6. The data show that in no case was the number of plants 
per square foot equal to the number of germinable seeds 
TABLE 6. FIELD STANDS ' OF LEGUMES FROM SAMPLES WITH PERMEABLE 
AND IMPERMEABLE SEEDS, 1936 AND 1937. 
I Laboratory 
percentage 
'" 
.; germination 
" ~ 
'" '" Crop 
> 
~
'" I '''' ,,- ~ 8 8 "'''' "C '" 
" " 
A"  "C 
'" 
0 8"''' ..:; Z .... 8'" 
Fall 1936 
I 
1 Alfalfa 70 22 I 69.00 
2 Red clover 69 25 I 68.57 
3 Sweet clover 50 34, . 48.53 
~ ~~:~:i~I~~~r H ~~3 II U:H 
la Alfalfa 86 85.87 
2a Red clover 89 I 87.86 
_---'-3a_ -'-_ S.:...w_e"'e.:...t --,cc:..:lo",v.:.:er---,--,-----8:.:1'------'-n'--';---LI ~80 .15 
i~ I Sii~gl 19ih ·1 1 2 
3 
1 
2 
3 
la 
2a 
':la 
Alfalfa 
Red clover 
Sweet clover 
Alfalfa 
Red clover 
Sweet clover-
Alfalfa 
Red clover-
Sweet Clover. 
• Two.year-old seed. 
' •• Experimental rate A', 
45 42 41.4 I 
59 I 32 I 58.0 II 
31 66 I 30 .7 
87 I 9 I 86.6 I 81 . 12 I 79.7 I 
73 4 72.0 
. I I 
•• Exclusive 'of impermeable seeds . 
..... All plants pulled when counted. 
'" "". ~
"", 0" A~ 
"' '' ..,,,, 
~A 
8.6 
6.8 
11.1 
8.6 
6.8 
11.1 
6.9 
5.3 
6.7 
14.5 
8.0 
17.5 
14.5 . 
8.0 
17.5 
6.9 
5.8 
7.5 
, 
'" - :..,* .. ~ ~: ~~ 
~ .; 
.~~~ 
d~g 
31.5 
29.4 
33.0 
31.5 
29.4 
33.0 
29.5 
33.0 
32.3 
"'-
,,' 
"Ii 
. p:; 
26.0 ~ In 5 •••• 
21.3 
23,6 
19.5 
20 .5 
19 .5 
21.8 
9.8 
35~O-1-2Co t--· 
~t~ I ~g : ~ f···· 
~~:~ 1 i~ ' ~ 
26. 8 I 10.9 31.2 9.3 
?9.7 11.3 
32.5 I 8.3 
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Fig. 4. Relation of laboratory to field germination of a lfalfa, red clover and sweet 
clover seed, 1935. 
planted. A comparison of the field response of samples 1 
and la, 2 and 2a and 3 and 3a in the fall of 1936 reveals 
the following facts. 
1. The average number of plants per square foot in the 
two alfalfa plots sown with sample 1 is 24.8 as com-
pared with 19.5 for the plot sown with sample 1a which 
contained only 3 percent hard seeds. The sample with 22 
percent hard seeds gave 27 percent more plants than the 
sample with 3 percent hard seeds, which is evidence that 
the hard seeds contributed to the field stand. 
2. The difference between the number of red clover 
plants in plots sown with samples 2 and 2a is of no sig-
nificance, hence evidence that hard seeds contributed to the 
stand is lacking. 
3. The average number of sweet clover plants per square 
foot in plots -planted with sample 3 is 20.8 as compared 
with 9.8 plants in the plots planted with sample 3a. The 
sample with 34 percent hard seeds produced 112 percent 
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more plants than the sample with no hard seeds, a difference 
sufficient to indicate that some of the hard seeds contributed 
to the stand. 
The data obtained in the 1937 spring planting gave re-
sults similar to those in the fall of 1936. A comparison of 
the stands in the 1937 plots planted with permeable and 
impermeable seeds is shown in tabular form as follows: 
Crop 
Alfalfa 
Red clover 
Sweet clover 
Average number plants per square foot in 
plots planted with samples containing 
Impermeable 
seeds 
20.8 
14.4 
10.8 I 9.3 I 11.5 11.3 3.1 8.3 2.5 
SELECTED IMPERMEABLE SEEDS 
Percent in-
crease in stand 
from imperme-
able seeds 
124.0 
27.0 
30.0 
A further study was undertaken in which selected hard 
seeds were planted in the field. Seed of red clover, alfalfa 
and sweet clover was placed on moist blotters and the seeds 
remaining hard after 6 to 10 days were selected for the 
test. These hard seeds were kept in the laboratory for 7 
days, and further tests were made the same day they were 
planted in the field. Two plots were planted, one on basic, 
the other on acid soil and each sample replicated five times. 
The data are given in table 7. 
The percentage of hard seed in each sample at the time 
of planting is shown in table 7. It is notable that in the 
two alfalfa samples the hard seed content was reduced 9 
TABLE 7. FIELD GERMINATION OF IMPERMEABLE SEEDS OF ALFALFA, 
RED CLOVER AND SWEET CLOVER ON BASIC AND ACID SOIL SPRING 1937 
'" 
Field' 
" Basic soil pH 7.45 Acid soil pH 6.4 ~~ 
..<.B Plot I Plot II Plot I Plot II 
-- ~ ~ ~ ~ 
"" '" '" '" 
'" Crop 
" " 
0 
" 
0 
" 
0 
" 
0 
'" '" '" '" " " 
.... 
" 
.... 
" 
... . 
" 
.... 
..c: 
" at " at " at " at 
'" '" '" '" 
..., 
"" "" "" "" 
" ~" ~" ~" ~" '" 
" 
.,0 
" 
.,0 
" 
.,0 
" 
.,0 ~] ", 0 ~~ 0 "'" 0 ~~ 0 '"too p;+ p;+ "'too p;+ p;+ p." !:;i" !:;i" !:;i" !:;i" 
I I I I I Alfalfa 91 26.4 + 13.8 - 55.4 + 42.4 + .. 90 22.0 · 
I 
18.4 + 47.6 + 35.8 + 
Red clover I 98 6.0 + 3.2 + 5.8 + 6.0 + 97 6.8 + 7.2 - 9.6 + 11.2 + 
Sweet clover 96 10.2 + 5.0 + 16.4 - 12.8 + 
" u 96 .6 + 1.8 + 2.2 + 4.6 + I 
• Mean of five rephcatlOns planted May 5, counted June 4 and 5. 
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and 10 percent, respectively, in laboratory storage for 7 
days. 
In the field the two alfalfa samples responded essentially 
in the same way in basic soil, the difference between the 
two being of no significance. On acid soil, however, sample 
2 gave a significantly lower stand than No. 1 in both 
plots. Higher germination occurred in the acid than in 
the basic soil for both samples. The germination of hard 
seeds in red clover and. sweet clover was slightly higher in 
the acid than in the basic soil. The response of the red 
clover and sweet clover samples is of interest. Sample 
4, red clover, produced a significantly lower stand in plot 
2, basic soil, and in both plots in acid soil than did sample 
3, yet both contained the same percentage of hard seeds. 
Sweet clover sample 6 gave a much lower stand in all 
plots than No.5. Apparently the degree of impermeability 
in separate samples of red clover and sweet clover seed is 
variable. 
The plot on basic soil was in poor condition at the time 
of planting which probably accounts for some of the differ-
ence in germination, and both plots were damaged con-
siderably by soil washing. The soils in the two plots were 
of different types, hence differences in germination may 
have been due to variations in physical condition rather than 
to chemical reaction. These data show, however, that some 
of the hard seeds of alfalfa, red clover and sweet clover 
germinated in the field soon enough after planting to aid in 
obtaining a stand. 
RELATION OF SEED QUALITY TO RATE OF SEEDING AND 
FIELD STAND OF RED CLOVER, ALFALFA AND 
SWEET CLOVER. 
. In this study 4 x 4 foot areas were used in making ob-
servations as previously described (p. 281). The number of 
germinable seeds per square foot was calculated on the basis 
of 1 gram of alfalfa equal to 500 seeds, of red clover 600, 
and of sweet clover 570 seeds. The rates of seeding per plot 
of 4 x 4 foot were calculated in grams. Four rates of seed-
ing were used that were determined as follows: 
1. . The commonly recommended rate disregarding seed 
quality' (3, -9,10). 
2. The commonly recommended rate based on a stand-
ard index value for the crop, adjusted to the index value of 
the sample used. This rate is hereafter designated as A. 
3. An amount equivalent to one-half of A, hereafter 
designated as A'. 
°Red clover was sown at the rate of 12 pounds per acre. The recommended rate 
is now 8 to 10 pounds (9). 
TABLE 8. FIELD STANDS OF RED CLOVER, ALFALFA AND SWEET CLOVER AS DETERMINED BY RATE OF SEEDING IN TERMS 
OF SEED QUALITY 
:percent ger-
'" 
Recommended rates·· Experimental rate A •• - Experimental rate A"· •••• 
mination on 
" '" blotters « '" .. .. '" .. > :;; 
'" 
:;;
'" " " 
:;;
'" " " Crop 
1 
~b " .. '" ,,~ " ... '" .j-)': ., .~ "", "'" '" ~.: 1:': « OX "'" . ~d .S ~~ ~~ " '" "0" "'" . ,; e .... p.~ "0", ~'" '" "'''0 §~ 'e~~ ~d ~'" '" "'''0 Z "0 "''' "" E il . "" e ... ~@~ "''' " ~§.'l "''''' .. .. "0><  .. " .  .. ~il . " . ~~.s 0" ~~a " . ~~.s 0 
" 
.:ill< 0", ~~g -'" 0", "",,,, -'" "' '''' " Il<:g. p:g "''''' " z := Il<'" Il< .. Il<'" .... Il<" Il<", .. Il<",,,, " " .. Il<", .. Il<", .. 
Spring 1936 
1 I Re,~ clover .. 50 I 45 I 49.61 12 37.0 10.7 18.9 58.4 16.0 +57.5 +40.2 
3 94 3 
1 
93.12 12 70.0 16.0 10.0 58.6 12.3 -16.6 -23.0 
3 .. .. 55 2 53.96 12 40.0 7.0 17.4 58.6 10.0 +45.0 +41.9 
4 Alfalfa 48 51 47.68 15 37.0 23.5 24.8 62.1 35.0 +81.6 +48.8 
5 88 4 I 86.73 15' 67.0 23.2 13.8 62.2 24.3 - 8.0 0 6 .. 38 27 36.75 15 28.0 11.8 32.5 62.1 20.2 +116.6 +71.4 
7 Sweet clover 97 0 I 96.25 15 85.6' 18.3 11.2 64.0 14.0 -25.3 -23.4 8 .. .. 45 53 43.65 15 38.8 15.4 24.7 64.0 23.2 +64.6 +50.2 I 9 .. .. 70 12 I 67.77 15 60.3 17.0 15.9 64.0 16.9 + 6.0 0 
Fall 1936 Experimental Rate A' •••• 
1 Red clover 90 4 86.94 12 65.1 44.7 5.3 29.0 20.1 
-55.91-55 .0 2 " u 81 , 8 80.05 12 60.0 41.0 5.8 29.0 19.1 -51.6 -53.4 
3 .. .. 80 12 79.85 12 59.8 34.8 5.8 29.0 18.3 -51.6 -44.5 
4 Alfalfa 69 3 68.50 15 53,5 38.7 8.7 31.0 19.0 -42.0 -50.9 
5 77 17 75.12 15 58.6 45.0 7.9 31.0 23.2 
-47.31-48.4 6 .. 81 6 80 .88 15 63.1 31.8 7.4 31.0 20.3 -50.6 -36.1 
7 Sweet clover 57 5 56.28 15 50.0 27.5 9.5 31.8 18.0 -36.6 -34.5 
8 .. ,. 72 4 71.87 15 64.0 31.0 7.5 31.8 16.2 -50.0 _47.7 
9 .. .. 84 4 83.54 15 74.3 41.6 6.4 31.8 18.5 -57.3 -55.5 
Spring 1937 
1 Red clover 88 7 87.5 12 65.0 23.3 5.3 29.1 8.1 -55.8 I -60.9 I 2.7 114.5 5.2 -77.5 _77 , 
2 .... 85 6 81.0 12 60.7 32.1 5.8 29.1 16.2 -51.6 -49.5 2.9 14.5 6.6 -75.8 -79. 
3 .... 80 3 68.4 12 51.2 18.0 6.8 29.1 7.8 -43.3 -56.6 3.4 14.5 5.0 -71.6 -72. 
4 Alfalfa 76 4 75.4 15 58.8 16.6 8.0 31.2 9.0 -46.6 -45.7 3.8' 15.0 3.7 -74.6 -77. 5" 71 9 67.0 15 52.3 15.1 8.9 31.2 9.6 -40.6 -36.4 4.4 15.5 3.6 -70.6 _76, 
6" 62 2 58.3 15 45.5 9.4 10.3 31.2 7 ,0 -31.3 -25.5 5.2 15.5 3.8 -65.3 -59. 
7 Sweet clover 95 1 94.4 15 84.0 15.8 6.0 33.6 6.6 -60.0 -58.2 3.0 16.8 3.7 -80.0 _76. 
8 .. .. 84 6 82 .0 15 73.0 8.3 6.9 33.6 3.6 -54.0 -56.6 3.5 16.8 2.1 -76.6 -74. 
9 .. .. 70 18 I 50.7 15 45.1 13.3 11.2 33.6 10.5 -25.3 I -21.0 5.6 16.8 5.5 -62.6 _58 . 
lError of .2 pounds in calculations. 
• Index value == percentage purity X percentage normal seedlings. 
•• Commonly recommended rate. (3) (8) (9). 
••• Standard index X Recommended rate = Experimental rate A. 
Index value of sample 
• ••• Experimental rate A' is one-half of A . 
••••• Experimental rate A" is one-fourth of A. 
6 
~ 
~ 
~ 
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4. An amount equal to one-fourth of A, hereafter desig-
nated as A". 
The index value of a sample was obtained by multiplying 
the percentage purity by the percentage of normal seed-
lings. The standard index value for the crop was arbi-
trarily derived. Figures for purity and germination per-
centage of good quality samples were taken arbitrarily as 
follows: 
Alfa lfa 
Red clover 
Sweet clover 
Purity 
98.5 
97.5 
98.0 
Germination 
81.5 
80.0 
73.0 
Standard index 
(approx.) 
80 
78 
72 
The following formula was used in adjusting the rate 
of seeding on the basis of seed quality: 
Standard index value x Recommended rate 
----------------- = Rate A. 
Index value of sample 
The procedure used to determine the rate of seeding for 
alfalfa sample 4 for 1937 planting is shown below: 
80x15 
= 15.9 pounds per acre. 
75.4 
Stand counts were made on the entire plot of 16 square 
feet and reduced to plants per square foot. The data ob-
tained appear in table 8, which shows that experimental 
rate A' was substituted for rate A in the fall of 1936. It 
is worthy of note that the number of germinable seeds per 
square foot was very irregular in the plots sown at the 
"recommended rate" without regard to seed quality. In the 
calculated rates A, A' and A" the number of germinable 
seeds per square foot was controlled by adjusting the seed-
ing rate to the quality of the sample and, therefore, was 
uniform. 
In general the number of plants per square foot was much 
more uniform when an adjusted rate of seeding was used 
than when the recommended rate without regard to seed 
quality was employed. 
In the columns of table 8 headed "percent change in rate" 
and "percent change in stand," it is noteworthy that a 
change in rate of seeding produced a corresponding change 
in stand. This relationship is particularly apparent in the 
data for the fall of 1936 and the spring of 1937. 
The data presented in table 8 show definitely that labora-
tory tests can be used as a guide in determining rates of 
seeding and that high quality samples need not be seeded 
as heavily as low quality samples. The index value ob-
tained by multiplying the percentage purity by the percent-
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age of normal seedlings, with allowance for hard seeds, 
furnishes a reliable guide for the rate of sowing. The rate 
for any given quality cannot be definitely determined on the 
basis of limited tests herein described, but the data indi-
cate that lower rates than are commonly recommended may 
. be expected to furnish an adequate stand if the seed is prop-
erly covered. 
If soil and climatic conditions are unfavorable for germ-
ination, a heavy rate of seeding can hardly be expected to 
insure a stand, and under such unfavorable conditions the 
more seed sown the greater the loss. 
Additional evidence of the relation of seed quality to rates 
of seeding is given in table 6 presented on page 293. In the 
fall of 1936 the rates for sweet clover were 6.7 and 11.1 
for the samples with low and high hard seed content, re-
spectively, yet the number of plants per square foot was 
9.8 for the low and 20.5 and 21.3 for the high sample in 
pulled and non-pulled plots. The rate of seeding for the 
sample with 34 percent hard seeds could have been reduced 
one-half and produced at least 10 plants per square foot. 
Red clover seed (89 percent germinable) sown at the rate 
of 5.3 pounds per acre in the fall of 1936 produced more than 
20 plants per square foot, and alfalfa seed with 70 percent 
germinable and 22 percent hard seeds sown at the rate of 
8.6 pounds per acre gave 26 plants per square foot. The 
data suggest the possibility of reduced rates of s~eding, 
but further research is necessary before definite recommen-
dations can be made. 
In general when the number of plants per square foot was 
high in the plots sown according to an experimental rate, 
the sample had a high percentage of hard seeds, which 
means that hard seeds contributed to the stand. 
To obtain information regarding the stands in the field 
which were cut for hay, stand counts were obtained for 
alfalfa and sweet clover from the experimental plots of the 
Farm Crops Subsection of the Iowa Agricultural Experi-
ment Station. The data are shown in table 9. 
The data in table 9 show that for Ladak alfalfa 8.4 plants 
per square foot in 1936 produced a yield of 2.19 tons of 
hay per acre the first cutting of the third year's growth. 
Stands of four or more plants per square foot of other 
varieties gave fair yields of hay. Stands of seven to nine 
alfalfa plants per square foot were obtained when rate A' 
was used in sowing (table 8, 1937). In the 1936 fall seed-
ing, stands of 19 to 23.2 plants per square foot were ob-
tained with rate A' when conditions were very favorable 
for germination. In 1937 conditions were not highly favor-
able for germination. 
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TABLE 9. STAND AND YIELD OF ALFALFA AND SWEET CLOVER IN 
EST;\.BLISHED SEEDINGS' 
-
oj 
... 
.... 
<.lOll 
~8 " ~ J-o"Z 
Crop Variety Po .... ., .... 
"''' 
Poll 
....... ~~ ~ " 
.!g 0 ... p.. ", 00<<.: 
Alfalfa" I Calif. 18898 
I 
4.1 I 1.42 Alfalfa seeded in 1933. Cossack 19973 6.6 1.81 Counts and yield made Dakota common 6.9 1.70 1936. 
French 19273 4.0 1.43 I Ladak I 8.4 2.19 Sweet clover··· Yel!?w blo~~om I 16.6 1.02 Sweet clover seeded 
I 12.4 .99 March 3. 1935. Counts H U I 13.3 . 62 a nd yield made Sept . I White blossom 17.3 1.05 24. 1935. Cutting made I" .. I 16.6 .96 at 5-inch level. I .. .. 14.0 .61 I 
• Data from Mr. C. B. Juday . 
•• Mean of three replications each 5.3 sq. ft. in drilled seeding . 
••• Mean of two replications each 1.5x1.5 feet. 
GERMINATION OF SMALL SEEDED LEGUMES IN 
BASIC AND ACID SOIL. 
In the late summer of 1936 two samples each of alfalfa, 
red clover, sweet clover, alsike clover and Korean clover 
were selected for a laboratory viability test in comparison 
with field gemination in two types of soil, one slightly acid, 
the other basic, in reaction. The physical condition of the 
soil of both plots was good and moisture was plentiful. The 
samples were planted in 4-foot rows, 100 seeds per row, each 
sample repeated five times. The stand counts were all made 
Sept. 22. The data from the field as well as from two meth-
ods of testing in the laboratory are given in table 10. 
The data obtained from the laboratory tests show that 
no significant difference occurred between blotter and soil 
tests for alfalfa, alsike clover and Korean clover, but with 
sweet clover and red clover the difference between the num-
ber of normal seedlings by the two methods was significant 
in favor of the blotter test. Inasmuch as the lower germ-
ination in soil was obtained only with samples 3 and 5 and, 
further, since the field response of those two samples was 
not dissimilar to other samples of similar quality it is be-
lieved that the soil test of samples 3 and 5 did not represent 
maximum viability. 
Germination in the field was significantly higher in the 
acid than in the basic soil for all seed lots except sweet 
clover. On the basis of the mean germination of the two 
sweet clover samples in both soil types, the difference was 
of no significance. The reason for the higher germination 
of seeds of alfalfa, red clover, alsike clover and Korean 
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TABLE 10. GERMINATION OF SMALL SEEDED LEGUMES IN BASIC AND 
ACID SOIL FALL 1936 
Laboratory 
Percent 
germination 
No. Crop On blotters 
I 
-.; 
e 
"" "  0 
., 
Z ~ 
I 
1 Alfalfa 83 6 
I 
2 86 6 
Mean 84 6 
3 Red clover 82 3 
4 87 2 
Mean 84 2 
6 Sweet clover 70 2 
6 87 4 
Mean 78 3 
7 Alsike clover 86 8 
8 92 6 
Mean I Kor;~an c!?ver 89 7 
I 
9 93 3 
10 90 6 
Mean 91 4 
I 
• Planted Sept. 2. Counted Sept. 22 • 
•• Mean of five replications. 
'0 
'" 
82 
I 
85 
83 
69 
82 
75 
60 
85 
72 
80 
93 
85 
89 
90 
89 
Field" 
Basic soil pH Acid soil pH 
7.40 6.45 
'" '" e: e: 
., .. ., .. 
'" ~I '" ~I • S ., ~" * .... 2~ * 0:: * 0:: 0::'" 
.0 0 0::'" .,,, to" 
'" " 
0 ",,, 0 
::.~ P::+ ::.~ P::+ 
I I 
I 
30.8 + 57.0 I -43.0 + 59.6 -36.9 58.3 I 
48.2 + 57.0 I 44.2 - 58.0 -
46.2 57.5 
I 
35.6 + 38.6 -48.4 
-
38.8 + 42.0 38.7 
26.8 + 58.0 
I 
-
30.4 
-
62.2 
-
28.6 60.1 
63.6 
-
73.6 + 58.8 
-
68.8 + 61.2 71.2 I 
clover in acid than in basic soil is not known. Either soil 
reaction, physical condition of the soil, distribution of path-
ogenic fungi in the soil or all may have been contributing 
factors. 
In the spring of 1937 similar lots of seed were prep.ared 
and planted in duplicate plots in basic and in acid soil. It 
was difficult to cover the seed uniformly in the basic soil 
plot because of poor soil tilth. Table 11 contains the data 
obtained from the tests. The greater variability of the 
replicates in producing stands in the basic soil, based on 
higher chi-square values which gave probabilities much less 
than .01, is an additional evidence of non-uniformity of the 
basic soil. In the acid soil, plot II, 7 out of the 10 samples 
germinated so uniformly as to give a probability above 
.05. In spite of the high variability of germination in the 
basic soil the results obtained in the spring of 1937 are not 
unlike those in the fall of 1936, in that all samples, includ-
ing sweet clover, produced a significantly higher stand in 
acid than in basic soil. 
To compare the germination of clover and alfalfa seed 
in acid and basic soil more extensively, 10 lots each of 
red clover, alfalfa and sweet clover were selected in the 
spring of 1937. Each was planted with five replications 
in both acid and basic soil. Laboratory tests were made, 
and field stand was determined. The data obtained are 
TABLE 11. GERMINATION OF SMALL SEEDED LEGUMES IN BASIC AND ACID SOIL. SPRING 1937 
----- - --- -------- - - - -- - - - -- -
Field' 
Laboratory Basic soil pH 7.4 Acid soil pH 6.45 
Plot I Plot II Plot I Plot II 
Percent germination 
.,., .,., .,., 
No. CrOll on blotters 0 0 0 
'" 
",. 
'" 
~. 
'" 
",. 
'" t>o ::::1 t>o ]1 t>o ::::1 t>o d 
I 
• .5 • .5 • .5 • .5 
. " 
;Q 
. " . " 
;Q 
. " e 
""" "'" 
" ... 
"'" 
" ... 
"'" 
" ... 
"'" 
..cO ..co ..co 
... ... 
"" 
0 "" 
0 
"" 
0 " " 0 
" 
 ... ,,'"  ... ,,'  Z ~ :::a. P:;+ ::;l:g, P:;+ ::;l:g, P:;+ ::;l:g, 
I 
1 Alfalfa 73 3 18.4 + I 10.2 + 28.8 - 26.2 2 81 8 29.4 
- I 15.6 - 40.0 - 46.6 Mean 77 5 23.9 12.9 39.4 36.4 
3 Red clover 80 13 35 .8 
- I 24.6 - 48.6 + 50.4 4 .. .. 84 10 41.8 
-
24.6 
-
50.0 + 49.8 Mean 82 11 38.8 24.6 49.3 50.1 
5 Sweet clover 75 13 24.0 
-
14.0 + 41.6 35.8 6 80 7 23. 8 
-
19.6 
-
31.6 
-
31.4 
Mean 77 10 23.9 16.8 36.6 33.6 
7 AlBike clover 90 10 35.8 
-
13.8 + 47.0 - 54.8 8 .. .. 87 9 29.0 - 20 .6 - 44 .6 - 41.2 
Mean 88 9 32.4 17.2 45.8 48.0 
9 Korean clover 90 5 42.6 
-
29.4 
-
56.2 
-
70.8 
10 Ie U 93 5 48.6 
-
31.6 
-
61.4 
-
67.0 
Mean 91 5 45.6 30.5 I 58.8 68.9 
• Planted May 5. Counted June 3 and 5. .. Mean of five repucations. 
.,., 
0 
",' 
=1 ;Q 
" ... 
..co 
0 
P:;+ 
-
+ 
+ 
+ 
+ 
-
+ 
+ 
-
~ 
o 
~ 
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given in table 12, and the samples are arranged in order of 
lowest to highest according to the laboratory test. Figure 
5 illustrates the comparison of field and laboratory germina-
tion. The columns marked probability + or -.05 indicate 
the degree of variability of germination among replicates 
in the field which was high in 46 out of 60 cases. 
Germination of the red clover seed samples in the field 
in both types of soil, was significantly less than in the lab-
oratory, yet with the exception of samples 3 and 5 the rela-
tive ranking was the same in the field as in the laboratory. 
All of the samples except No.3 contained relatively few 
TABLE 12. LABORATORY AND FIELD GERMINATION OF RED CLOVER, AL-
FALFA AND SWEET CLOVER ON BASIC AND ACID SOIL, SPRING 1937. 
Laboratory Field 
Basic soil pH 7.45 I Acid soil pH 6.40 
Percent germination 
'" '" on blotters 0 0 
No. " 
",' 
" 
",' 
b/J ~I b/J ~I 
I 
., 
.5 OJ +' ;E ;E 
* " "''" * " "'" 8 '" "" 
,.co 
"" 
,.co 
'" '" 
'" ~ 0 .. ~ 0 
" '" ,,'" 
0 
'" ~~ ~+ ~~ ~+ Z ~
Red clover 
I 
1 57 1 16.6 \ + 24.2 -2 68 3 18.6 I - 33.2 -
3 72 11 32.8 
-
52.2 
-
4 82 2 21. 2 + 38.2 -5 85 5 28.0 - 61.6 + 6 85 3 32.0 - 42.4 -
7 86 4 26.0 
-
52.8 
-
8 89 3 29.8 - 55.4 . -
9 93 1 30.0 
-
45.0 
-
10 93 2 29.8 
-
57 .0 
-
Mean 81.0 . 26.5 46.2 
Alfalfa 
11 56 36 22.0 I -
I 
42.8 I + 12 56 36 24.8 
-
52.0 I + 13 57 24 18.0 + 42.0 I + 14 71 13 13.8 + 48.2 I + 15 73 22 15.4 - 50.2 -
16 75 11 16.4 
- I 41.0 I -
17 77 16 . 16.6 + 
I 
55.0 I -18 78 2 16.0 I - 40.6 + 19 80 14 16.0 - 55.8 I -20 90 2 16.6 - 63.0 -Mean 71.3 17.5 49.0 I 
Sweet clover 
21 47 39 14.2 
-
13.6 
-
22 50 21 13.6 
-
11.0 
-
23 54 3 14.6 + 13.8 -24 57 26 12.0 
-
11.2 
-
25 61 4 8.4 + 11.6 -26 67 1 10 . 6 
-
14.0 
-
27 73 16 16.6 
-
22.6 
-
28 82 15 19.2 - 18.2 + 29 82 1 18.6 
-
20.6 
-
30 92 2 15.8 
-
21.4 
-
Mean 66.5 I 14.4 I 15.8 
I I I 
• Mean of five replicationR. 
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TABLE 13. TEMPERATURE' AND RAINFALL" DATA. 
Fall 1936 Spring 1937 
Temperature. degrees Temperature. degrees 
Soil Air ~== Soil Air "5:::: ",as ",as 
"' ..... "' ..... Date 
.<l 
I 
.<l 
I 
-5.S Date 
.<l 
I 
.<l 
I 
.<l .S 
~ ~ 0;: as ~ ~ 
"" to to to to ,£l"
:ii 0 El 0 ....... :ii 0 :ii 0 ~ ~ ~ ~ 
Sept. 5 71 58 79 56 4.3 May 2 62 58 58 53 .57 
6 76 60 87 58 - 3 66 58 62 54 .36 
7 72 56 79 52 .03 4 74 55 70 48 Trace 
8 71 54 82 46 5 81 55 78 46 
9 71 58 83 54 trace 6 82 54 77 43 
10 70 56 83 50 .04 7 85 58 80 50 
11 70 58 80 56 .32 8 80 61 78 54 
12 63 58 64 54 .16 9 78 53 68 43 
13 66 59 74 56 .11 10 86 52 79 39 
14 72 59 83 56 11 80 60 79 53 .02 
15 62 53 62 46 2.65 12 80 60 76 53 .19 
16 58 48 60 37 .13 13 62 56 54 45 trace 
17 60 44 66 32 14 80 52 72 40 
18 .... 46 .... 35 15 64 58 49 ! .07 1 
----
.... 
__ A_ 
----
trace 16 80 55 75 54 
2 
----
._--
----
._-- .05 17 89 54 84 43 
3 
----
----
.. _-
----
18 72 60 65 52 .34 
4 __ A. 
---- ----
__ A. 19 76 56 72 46 .06 
I 
20 84 60 88 51 .35 
21 80 64 78 60 .60 
22 80 60 78 50 
23 88 60 86 48 
24 84 64 82 54 trace 
25 80 70 78 64 .02 
26 88 70 84 63 1.11 
27 I 88 70 82 61 
28
1 
90 70 88 60 
29 75 .. _- 68 
30 95 
I 
76 92 70 .01 
31 94 . 76 92 70 trace 
Total I 9.1 I I 3.7 
• Temperatures obtained from a soil-air thermograph record kept by M. L. Shubert . 
•• Rainfall data kindly furnished by C. N . Brown. Observer. U. S. Weather Bureau 
Station. Ames. Iowa. 
hard seeds. The presence of 11 percent hard seeds in sam-
ple 3 may have accounted in part for the high field germina-
tion, yet sample 5 with only 5 percent hard seeds gave the 
highest field germination of all samples. 
Germination of alfalfa seed in the field was less similar 
to that in the laboratory than was the germination of red 
clover, in that all samples did not maintain their relative 
positions in both places. Samples 11, 12 and 13 germinated 
higher than the other seven lots in basic soil, yet they pro-
duced the lowest percentage of normal seedlings. The high-
er field germination may have been caused by the larger 
percentage of hard seeds, but in acid soil only sample 12 of 
the three was markedly out of line. Among the other sam-
ples, No. 18 with only 2 percent hard seeds gave the lowest 
percentage of sprouts in the field and was third from the 
highest in laboratory germination. 
>-Ol g 
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T I T I t 1~37 A. BASIC SOIL 
SweeT / 
CIOVr: / 
'l ~fCed Clover 
V"i\ 
I \~A1falfa I I 
1 I """lc.s"l2ed Clover ' 
• SweeT /.i:> Clover ./ V V/ ' 
/ V I ". ~1f'aJfa , ~ 
I V /' V J I , B. ACID SOIL 1~37 
If' '[/ 
o 10 'Z.O 30 40 50 ~O 70 80 90 100 
PEI2CENT GERMINATION IN FIELD 
Fig. 5. Relation of laboratory to field germination of alfalfa. red clover and sweet 
clover seed. in basic and acid soil, spring of 1937. 
The sweet clover samples exhibited considerable varia-
bility, but in general the samples which germinated high-
est in the laboratory were likewise in the high group in the 
field. If the samples are divided into two groups of five 
each, namely Nos. 21, 22, 24, 27 and 28 in the first group 
and Nos. 23, 25, 26, 29 and 30 in the second group, it is 
possible to compare samples with few or no hard seed.s 
against those with 15 percent or more hard seeds. By di-
viding the total number of plants produced in the field by 
the number of normal seedlings obtained in the laboratory 
a figure is obtained which may be called percentage of lab-
oratory germination for the field data. The results of such 
a comparison are show:o. below: 
Group 
High hard seeds 
Low hard seeds 
Percentage of laboratory germination 
Basic soil Acid soil 
24.5 24.8 
19.0 22.8 
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The difference between the two groups for basic soil is 
significant and indicates that the hard seeds contributed to 
the field stand. 
The response of red clover and alfalfa in basic and acid 
soil is similar to that in other tests herein described; ger-
mination in the acid soil was significantly higher than in 
basic soil. Sweet clover seed germinated about the same 
in both soil types. Evidence that seeds of alfalfa, red, al-
sike and Korean clover germinated significantly higher in 
slightly acid than in basic soil in 1936 and 1937 is conclu-
sive insofar as the specific experiments and soils are con-
cerned, but the cause of the difference is not known. Physi-
cal condition of the soil, including organic matter content, 
moisture holding capacity, distribution of soil fungi which 
attack seeds and seedlings as well as the pH of the soil, all 
may have been contributing factors. Additional experi-
ments are necessary before definite conclusions can be 
drawn, but the data show how variable field germination 
may be when sub-samples of seed from homogeneous lots 
are planted in different soils, and they emphasize the dan-
ger of attempting to measure seed viability too closely by 
field response. The rainfall and temperature data in table 
13 for the fall of 1936 and spring of 1937 may be compared 
with seed germination and time of planting. In the fall of 
1936 4.3 inches of rain fell Sept. 5, just 3 days after the 
plots were planted, whereas in the spring of 1937, rainfall 
after May 3 was slight until May 18 to 21. Plantings were 
made May 5 which is later than spring seedings are usually 
made except with alfalfa. 
GENERAL DISCUSSION OF RESULTS WITH SMALL 
SEEDED LEGUMES. 
In the years 1935 to 1937, inclusive, 119 different lots of 
small seeded legumes including 37 samples each of alfalfa 
red clover and sweet clover and four each of alsike and 
Korean clover were tested in the laboratory and field and 
the respective germination percentages compared. Both 
permeable and impermeable seeds of the three major leg-
umes were studied, and plantings were made in two differ-
ent soil types. Soil moisture, rainfall and temperature were 
other variable environmental factors. Seeds were broadcast 
in small areas 4 by 4 feet and planted in furrows covered 
with a thin layer of soil. 
Laboratory germination was made for the most part be-
tween blotters at 20°C. with checks on several samples by 
an emergence test in autoclaved soil. The number of nor-
mal seedlings determined by the blotter test and in the auto-
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claved soil was not significantly different with the excep-
tion of one sample each of sweet and alsike clover. The 
percentage of normal seedlings as determined by blotter 
tests is believed to represent maximum viability of each lot 
exclusive of impermeable seeds. 
Germination of most samples with few or no impermeable 
seeds in the laboratory was found to be reasonably indica-
tive of field response, in that a sample which had a given 
rank in the laboratory maintained its relative position in 
the field. Most samples which ranked differently in the 
field than in the laboratory, on the basis of percentage of 
normal seedlings produced in blotters, contained enough 
impermeable seeds to account for Dtherwise unexplainable 
increases in field germination. 
Impermeable seeds of alfalfa, red clover and sweet clover 
were found to be capable of germination in the field soon 
after planting. The highest percent germination was 55.4 
for a sample of alfalfa with 91 percent impermeable seeds 
at the time of planting on May 5. Many samples of alfalfa 
with few or no impermeable seeds gave no higher germina-
tion, by percent, than did two lots with 90 or more percent 
impermeable seeds. Impermeable seeds of red and sweet 
clover gave lower percentages of germination than did im-
permeable alfalfa seeds, yet evidence was obtained that 11 
and 16 percent or more of impermeable seeds of red clover 
and sweet clover, respectively, produced seedlings in the 
field. The germination of impermeable seeds when sown in 
early May is of considerable significance in that seedings 
with red clover and sweet clover are usually made either 
in late March or early April which would give the imper-
meable seeds a longer time in which to become permeable. 
The data obtained with samples of impermeable seeds 
and with samples containing high percentages of imper-
meable seeds confirm the findings of Harrington (7), Leg-
gatt (12,13 and 14), Stevens (25), Whitcomb (27,28,29, 
30) and Witte (32) in that impermeable seeds were shown 
to be important contributors to field stand, especially when 
present in alfalfa seed but less so in red and sweet clover 
seed lots. 
One aspect of these investigations which should be em-
phasized as a new approach to the problem of measuring 
the value of seed lots is that when rates of seeding of alfalfa, 
red clover and sweet clover samples of different qualities 
are adjusted on the basis of index value as measured by 
purity and germination, exclusive of impermeable seeds, 
the field stands are remarkably uniform. The data obtained 
show that accurate laboratory tests may be used as reliable 
indicators of relative field response, although an allowance 
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must be made for impermeable seeds. One-half the com-
monly recommended seeding rate adjusted to the laboratory 
index value of samples resulted in more plants per square 
foot than could grow to full size, and ina few cases one-
fourth the recommended adjusted rate resulted in stands 
of four to six plants per square foot. The numbers of germ-
inable seeds sown per square foot when one-fourth the 
recommended rate, adjusted to index value, was used were 
14.5, 15.5 and 16.8 for red clover, alfalfa and sweet clover, 
respectively. 
If laboratory tests are to be of any value in determining 
relative rates of seeding, a standard laboratory method must 
be used which should measure maximum viability. The 
term "maximum viability" as used in this discussion may 
be interpreted to mean the highest percentage of normal 
seedlings produced by any sample under known optimum 
conditions for the germination of the kind in question, plus 
an allowance for germination of impermeable seeds. The 
allowance which should be made for impermeable seeds is 
difficult to determine without more investigation. In a field 
seeded for permanent pasture or one to be used to produce 
hay for several years, the. presence of impermeable seeds 
might insure easier maintenance of stand in that new plants 
would continue to appear. The irregular appearance of 
plants of white clover, Trifolium rep ens, in pastures and 
lawns strongly indicates that impermeable seeds gradually 
become permeable in which case they are of distinct value. 
The writers believe that too much emphasis has been given 
in seed laboratory reports to the presence of impermeable 
seeds in that such seeds are set off by themselves with little 
or no explanation as to their possible value. The work of 
other investigators, coupled with the results herein report-
ed, indicate that impermeable seeds of alfalfa should be 
considered as practically equal to viable, permeable seeds. 
Impermeable seeds of red clover and sweet clover may be 
taken to have 15 to 50 percent as much value as viable per-
meable seeds. 
A second fact which stands out as a result of these in-
vestigations is that the percentage of germinable seeds of 
small seeded legumes which produce plants in the field is 
far less than for soybeans and small grains. Seeds of soy-
beans, barley, wheat and oats as shown by the present au-
thors and by Porter (20, 21) frequently germinate as high 
in the field as in the laboratory. The reason for this lower 
response of small seeded legumes may well be sought for 
in (a) methods of seeding and covering of seeds and (b) 
physical condition and type of soil including the distribu-
tion of soil fungi which attack seedlings. A more critical 
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study of methods and rates of seeding, seedbed prepara-
tion, types of soils and the effect of acid and basic soils on 
the germination of alfalfa and clover seeds should con-
tribute much to the problem of obtaining adequate field 
stands. The fact that 1 pound of pure red clover seed con-
tains approximately 272,100 seeds or enough to place 6.2 
seeds on each square foot of an acre of land should be a 
challenge to agronomists and botanists to investigate and 
devise methods for obtaining a higher percentage of germ-
ination of small seeded legumes. Such a contribution would 
result in (a) seeding of more acres to legumes, (b) more 
equitable seed costs and (c) more rapid improvement and 
conservation of our soil. 
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